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Assessment of clinical reasoning in the context of
uncertainty: the effect of variability within the
reference panel
Bernard Charlin,1 Robert Gagnon,1 Jean Pelletier,2 Michel Coletti,3 Grace Abi-Rizk,4 Claudine Nasr,4
E´velyne Sauvé1 & Cees van der Vleuten5

CONTEXT The Script Concordance Test (SCT)
assesses reasoning in the context of uncertainty.
Because there is no single correct answer, scoring is
based on the comparison of answers provided by
examinees with those provided by members of a reference panel made up of experienced practitioners.
The study aimed to assess the discriminatory power of
the SCT based on the variability of the reference
panel’s answers.
METHOD Items from a bank covering different
family medicine domains were classified into 3
groups according to the degree of variability of answers provided by a pool of experienced doctors. A
variability index (mean squared error) was used to
select items in the low, moderate and high variability
categories. A 102-item test (Cronbach’s a 0.70), made
up of 3 subtests of each category, was administered to
3 contrasting groups in family medicine: 157 clerkship students, 30 residents and 30 practising doctors.
ANOVA and effect size (ES) were used to quantify and
test the discrimination power of the 3 subtests.
RESULTS The high variability subtest showed high
effect size for discrimination between extreme groups
(ES ¼ 1.5; F ¼ 16.3, P < 0.001), whereas the moderate variability subtest showed less effect size
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(ES ¼ 0.56; F ¼ 57, P ¼ 0.041). The low variability
subtest did not discriminate significantly (ES ¼ 0.31;
F ¼ 2.9, P ¼ 0.06).
CONCLUSIONS Variability of answers within the
reference panel is a key component of the discriminatory power of the SCT. In accordance with theory,
the presence of variability ensures discrimination
between levels of clinical experience. These results
imply important considerations for the construction
of efficient SCTs.
KEYWORDS family practice ⁄ *education; clinical
competence ⁄ *standards; *uncertainty; reference
values; *decision making; psychological tests ⁄ *standards; analysis of variance.
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INTRODUCTION
A significant part of professionals’ competence relies
on the capacity to deal with uncertainty1 and to solve
ill-defined problems.2 Traditional written assessment
tools, such as rich-context, multiple-choice questions,
properly and reliably test the ability of students to
apply well known solutions to well defined problems.
However, assessment of reasoning competence
should also include tools that measure the ability to
rationally solve ill-defined problems. The Script Concordance Test (SCT)3 was developed with the purpose
of expanding the material assessed in clinical reasoning to include ill-defined problems. It is designed
to be added to existing tools, not substituted for them.
The name of the test, script concordance, reflects the
theory on which it is based.4,5 The test consists of a
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Overview
What is already known on this subject
The Script Concordance Test (SCT) reliably
assesses reasoning in the context of uncertainty. Scoring is based on a comparison of
answers provided by examinees with those
provided by members of a reference panel
made up of experienced practitioners. The
relationship between the variability of the
reference panel’s answers and the discriminative power of SCTs according to levels of
experience is not known.
What this study adds
In accordance with theory, variability within
answers provided by the reference panel is a
key component of the discriminative power of
the SCT.
Suggestions for further research
Test designers wishing to discriminate examinees by clinical experience (and clinical
reasoning competence) should deliberately
build items that will induce variability within
reference panel answers.

series of challenging authentic clinical situations
described in vignettes (paper or computer-based).
Items are derived from the questions and actions
doctors actually ask and make when they are confronted with such situations in clinical practice.
Several options (diagnosis, management or attitude)
are relevant. In accordance with what is known about
clinical reasoning processes,6–9 a Likert scale, measuring the qualitative judgements that are iteratively
made during these processes, captures examinees’
answers (Table 1). The method for building tools
according to these principles has been described in
detail elsewhere.10
Assessment on ill-defined problems is difficult because professionals in similar situations do not collect
exactly the same data and do not follow the same
paths of thought.9 Professionals also show substantial
variation in performance on any particular real or
simulated case.7,9,11 Any assessment system has to

take this variability into account. The SCT uses an
aggregate scoring method that reflects the variability
experts demonstrate when they reason in clinical
situations.12,13 Scores on each item are derived from
the answers given by members of a reference panel
made up of doctors experienced in the domain.
Usual models of analysis cannot be applied to the
SCT, which by design includes several credit points
for different answers to an item. In a previous paper11
we showed that if panel members are asked to
provide the Ôright answersÕ to be expected from
students, they tend to change the answers they
spontaneously provide when they are placed in
problem-solving situations in the same contexts as
examinees. The inadequacies of traditional models
for assessment in the context of uncertainty bring
challenges, one of which concerns how much variability is advisable in a test. In traditional models, an
item with discrepancies in the answers given by a
reference panel is considered to be of bad quality,
while in the SCT approach a reasonable amount of
variability may contribute to the discriminative power
of the item.
The implications of using this variability as a way of
detecting levels of clinical experience in a population
of examinees is therefore an important research
issue: what is the ÔsignalÕ that adds to the incremental
validity of the measurement? Our goal was to study
formally the amount of variability that optimises the
discriminative power of items and the discriminative
power of the test as a whole. Our research question
was: Does variation in the answers of members of
reference panels used to establish an aggregate
scoring key influence the ability of the test to
differentiate between levels of clinical experience?
From empirical research11,14,15 and from Schön’s
model of professional practice,2 we assumed that
clinical experience is related to the capacity to reason
on ill-defined problems and hence that items with
variability would have a discriminative power to
detect experience. Items with consensus (low variability) among panel members would probe well
defined problems and would have less discriminative
power. By contrast, we also know that even if
experienced clinicians diverge on detail in their way
toward solutions to clinical problems, they generally
agree on reasoning outcomes. Therefore, items with
large margins of disagreement would not be good
indicators of clinical experience. These items reflect
measurement error (noise) and are not useful for
assessment. Expressed in terms of effect size, we
hypothesised a relationship (inverse U-shape
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Table 1 Example of a clinical vignette and format of items used for diagnostic knowledge assessment
A 17-year-old girl arrives suffering from dyspnea. She is out of breath and has been brought very rapidly to your office. At the moment of onset of
dyspnea, she was in a car returning home after a desensitization injection at her doctor’s clinic

If you were thinking of:

And the patient reports or you find
upon clinical examination

This hypothesis becomes:

Anaphylactic reaction
Asthma
Hyperventilation
Anaphylactic reaction
Asthma
Hyperventilation

Respiratory rhythm at 32
Difficulty swallowing
A normal pharynx
Arterial blood pressure ¼ 120 ⁄ 180
A diffuse arterial II ⁄ IV murmur
Arterial blood pressure ¼ 150 ⁄ 90

)
)
)
)
)
)

2
2
2
2
2
2

)
)
)
)
)
)

1
1
1
1
1
1

0
0
0
0
0
0

+
+
+
+
+
+

1
1
1
1
1
1

+
+
+
+
+
+

2
2
2
2
2
2

) 2 ¼ ruled out or almost ruled out; ) 1 ¼ less probable; 0 ¼ neither less nor more probable; + 1 ¼ more probable; + 2 ¼ certain or almost certain.

relation) between effect size and level of clinical
experience, with moderate variability associated with
maximal effect size and extreme variability (low and
high) associated with minimal effect size.

METHODS
Test material
A bank of 145 items pertaining to family medicine
was developed by a team composed of experienced
family doctors in charge of maintaining standards of
practice at the Quebec Board of Physicians.
In order to identify items to which experienced
doctors would give answers with different levels of
variability, a group of 51 family doctors (13 from
Quebec and 38 from France) were asked to answer
the 145 items. The variability of their responses was
addressed by using the mean square error (MSE).
When items are measured on the same scale, the MSE
allows a variability estimate that is comparable
between items to be obtained.16 In order to obtain
interpretable coefficients, the original scoring
scheme of ) 2, ) 1, 0, + 1, + 2 was transformed to
scores of 1)5.
The final test used in the study was built with 2
requirements. It had to be answerable in a realistic
amount of time (about 1 hour) and it had to
include balanced subsets of items defined by their
levels of variability. A third of the items were
chosen in the low variability range (MSE 0.0)0.49),
a third in the middle variability range (MSE
0.50)0.99), and a third in the high variability range
(MSE ‡ 1.0). The final test therefore had 102 items,
with 34 items in each of the 3 ranges. Item
selection stopped when there was 34 items in each

group. The remaining 43 items did not differ from
those used in the final test.
Respondents
The detection of levels of clinical experience was
studied on 3 levels: clerkship students (157), residents (Years 1 and 2 for a total of 30) and faculty staff
(30). The latter were new respondents and had not
participated in the item selection phase. Respondents
were recruited from the Department of Family
Medicine at the Faculty of Medicine, University of
Montreal. All participated freely in the study and
signed informed consent.
Scoring process
The SCT technique requires the recruitment of a
panel of reference. This panel consists of experienced practitioners whose presence on a jury is
legitimate with regard to the level of the persons
assessed. Panel members are asked to fill out the test
exactly as examinees will do and their answers are
then used to constitute the scoring key.
The 30 staff members were used both as examinees
(third level of clinical experience) and as a panel of
reference. They took the test individually. The
answers obtained served to construct the scoring key,
according to the aggregate methodology used in the
SCT.10 For each item, each examinee answer received
a credit mark corresponding to the proportion of
panel members that selected it. The maximum score
for each item was 1 for the modal answer. Other
panel members’ choices received a partial credit.
Answers not chosen by panel members received 0. To
get this proportional transformation, the number of
members who provided an answer on the Likert scale
was divided by the modal value for the item. If, for
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Because we did not want staff members having their
own answers used in the scoring process (and thus
being subjected to a positive scoring bias), their
scores on each item were computed with a scoring
key that excluded each person’s own answer. Thus,
for this group, scoring was carried out with scoring
keys derived from the answers given by the other 29
members of the group. The answers of respondents
at the other 2 levels were computed with the same
scoring key (made of 30 panel members).
Statistical analysis
Performance for each subtest was calculated by
summing the scores of its items and transforming
that value into a percentage. When values were
missing, they were replaced by a score of 0, assuming
no concordance. Almost all respondents (95%) had 4
or fewer missing values. Data from 1 student with 65
missing values were excluded from the analysis.
To study the effect of variability on the discrimination
of subtests along the level of clinical experience, a
repeated-measure ANOVA was used with the 3-variability category as a within-subject factor. Effect size
(ES) was used as an index to quantify the magnitude
of the difference between the groups at subtest level
and item level. According to Cohen,17 a small effect
size is 0.2, a medium effect size is 0.5 and a large
effect size is 0.8. All tests were 2-tailed and a P-value
< 5% was considered statistically significant.

RESULTS
Cronbach’s a values were 0.70 for the whole test, 0.46
for the low variability subtest, 0.51 for the moderate
variability subtest, and 0.40 for the high variability
subtest.
Analyses of the discriminative power of the 3 subtests
on the different levels of clinical experience (Fig. 1)
indicate that the low variability subtest yielded the
highest scores: the students’ mean score was 74.4 (SD
7.7); the residents’ mean score was 77.8 (SD 5.1), and

80
75
SCT scores

example, on a given item, 20 members (out of 30)
chose response 1 on the Likert scale, this choice
received the maximum score of 1 point (20 ⁄ 20).
Then, if 8 members chose response 2, this choice
received 0.4 (8 ⁄ 20). Finally, if 5 panel members chose
response 0, this choice received 0.25 (5 ⁄ 20). The
total score for the test was the sum of credits obtained
on each item, which in the end was transformed to
obtain a maximum of 100.

70
low

65

middle
high

60
55
50
students

residents

staff

Figure 1 Performance of groups of different levels of clinical experience on the 3 subtests (mean of groups per
category of variability).

the staff members’ mean score was 76.4 (SD 9.6).
Note that the staff members’ mean score was lower
on this subtest than that of the residents. The
students’ performance was close to those of residents
and staff, and no discrimination between groups was
observed with this subtest (F ¼ 2.78, P ¼ 0.06). The
high variability subtest yielded the lowest mean scores
for each group: 63.3 (6.8), 70.5 (7.6), 72.0 (5.2). This
subtest discriminates along levels of experience
(F ¼ 31.28, P < 0.001). The moderate variability
subtest yielded intermediate mean scores: 68.5 (7.5),
72.2 (8.9), 72.6 (7.2) and statistically significant
discriminating power (F ¼ 5.67, P ¼ 0.001).
Analyses at group level show a statistically significant
difference in performance on the 3 subtests for
students (F ¼ 146.0, P < 0.001), residents (F ¼ 15.6;
P < 0.001) and staff members (F ¼ 5.3, P ¼ 0.01).
The 2-factor repeated measure of variance shows a
clear effect of variability (F ¼ 52.7, P < 0.001) and a
significant interaction between level of variability and
level of clinical experience (F ¼ 5.1, P < 0.001).
On analyses of effect size at the group level, the high
variability subtest showed high effect size for discrimination between extreme groups (ES ¼ 1.45;
F ¼ 16.3, P < 0.001), while the moderate variability
subtest showed less effect size (ES ¼ 0.56; F ¼ 57,
P ¼ 0.041). The low variability subtest did not
discriminate significantly (ES ¼ 0.23; F ¼ 2.9,
P ¼ 0.06). Figure 2 pictures the effect size for
staff)students and staff)residents differences. The
expected relationship (inverse U-shape relation)
between effect size and level of clinical experience
was not found. Instead, there was a clear tendency
towards greater difference and better discrimination
with greater levels of item variability. Effect size is far
greater between staff and students than between staff
and residents.
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Low variability

Moderate
variability

High variability

1.5

1

Staff-students

0.5

Staff-residents

0

–0.5

Figure 2 Subtest capacity to discriminate experienced
doctors (staff members) from students and residents. The
high variability subtest clearly has clearly the better discriminative power.
Low variability

Moderate variability High variability

1.50
1.00

Effect size

852

0.50
0.30

0.00

2 Reasoning on ill-defined problems is associated
with variability in paths of thought among
experienced clinicians.
3 A tool designed to assess reasoning on ill-defined
problems should better detect clinical experience
with items that generate variable answers among
panel members than with items with low variability.
4 Items with high variability correspond to item
difficulty related to uncertainty, whereas extreme
variability reflects measurement errors rather
than a signal.
The data did not show the expected relationship
(inverse U-shape relation) between effect size and
level of clinical experience. We found instead a
monotonic relationship between item variability and
level of clinical experience. Discrimination increased
with variability. Effect size (i.e. large differences
between groups) was substantial for both moderate
and high variability subtests.
We explain this monotonic relationship by the absence
of items with extreme variability (disagreement) (i.e.
the total or near total dispersion of an answer along the
5 points of the scale). This implies a poor-quality item.
Our item production phase did not produce such
items and such items could not in any case be included
in a test because they lack any face validity.

–0.50
–1.00
–1.50

Figure 3 Individual effect sizes for each item in the 3 variability categories (students versus staff). The percentage of
items with effect size > 0.30 decreases from high variability
(38%) and moderate variability (26%) to low variability
(18%).

Figure 3 shows the relationship between effect size
(students versus faculty staff) and variability at the
item level. For high variability items, 13 of 34 items
have ES > 0.30 (38%). For moderate variability
items, 9 of 34 items have ES > 0.30 (26%), and for
low variability items only 6 of 34 (18%) have
ES > 0.30.

DISCUSSION
The study is built on several assumptions.
1 Clinical experience is associated with better clinical reasoning, particularly better reasoning on illdefined problems.

All groups obtained their higher mean score on the
low variability subtest. Performances by the different
groups were close for this subtest and no statistically
significant discrimination of groups was observed.
Residents on this subtest had a mean score higher
than that of staff members. This Ôintermediate effectÕ
(students of intermediate level of experience get
higher scores than experienced clinicians)18 was not
found with moderate and high variability subtests.
According to the theory, this effect reflects the fact
that low variability items assess formal clinical knowledge rather than judgement related to the integration of complex and ambiguous clinical data. We can
speculate that staff members may possess more
capacity than residents for judgement in complex
situations, whereas formal clinical knowledge is less
salient to them. The lowest mean scores were found
with the high variability subtest, whereas results were
intermediate with the moderate variability subtest.
The total test had a reasonable coefficient of reliability at 0.70 (Cronbach’s a coefficient of internal
coherence). It was noticeable that the moderate
variability subtest had the highest reliability coefficient (0.51) in comparison with low (0.46) and high
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(0.40) variability scales. Although the differences
were not high, data indicate that, on a psychometric
basis, moderate variability items show more interesting properties in terms of reliability (discrimination
at the individual level), whereas high variability items
show better discrimination at the group level of
clinical experience.
Mean scores decreased with increasing variability.
Between levels of low and high variability there was
a loss of almost 11 points for students, a loss of 7
points for residents and a loss of 4 points for
experienced doctors. Variability of items clearly had
more impact on students than on residents or staff
members. When there was variability in an item,
experienced clinicians continued to show concordance with panel members, while students did not.
This implies that variability of items should be
taken into consideration when standards are being
set for the SCT.
It must be acknowledged that our operationalisation of low variability may be biased by the fact that
many items in this category (37%) used the
extreme answer points of the scale ()2 or + 2) and
the variability of the answers was limited by the
nature of the scale. This means that, if we had used
a wider scale (such as a 7-point scale), some of
these items may have had larger variability and may
have been classified within the moderate variability
group. This nevertheless does not minimise the
results of the study. In fact, with a wider scale, the
difference in metric quality of low variability versus
higher variability may be larger than that we
obtained.
The results of this study have important implications for the theoretical assumptions of the SCT.
They confirm the tool’s capacity to assess reasoning
on ill-defined problems. They also confirm that if
the goal of test designers is to discriminate examinees by clinical experience (and clinical reasoning
competence) it is necessary to deliberately build
items that will induce variability within the answers
given by the reference panel. The variability of
panel answers apparently contributes to the incremental validity of the SCT approach. Nevertheless,
experience shows that it may be useful to place
within SCTs items on which panel members agree
(low variability items). These items assess the
knowledge of well established solutions on well
defined problems. This kind of item is close to the
rich-context, multiple-choice question, but the item
format and the task required of examinees both
differ. We are currently in the process of compar-

ing the measurement properties of these 2 types of
test format.
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